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Recent efforts to translate basic research to the
treatment of clinical disorders have led to a growing
interest in exploring mechanisms for diminishing
fear. This research has emphasized two approaches:
extinction of conditioned fear, examined across spe-
cies; and cognitive emotion regulation, unique to hu-
mans. Here, we sought to examine the similarities
and differences in the neural mechanisms underlying
these two paradigms for diminishing fear. Using an
emotion regulation strategy, we examine the neural
mechanisms of regulating conditioned fear using
fMRI and compare the resulting activation pattern
with that observed during classic extinction. Our re-
sults suggest that the lateral PFC regions engaged
by cognitive emotion regulation strategies may influ-
ence the amygdala, diminishing fear through similar
vmPFC connections that are thought to inhibit the
amygdala during extinction. These findings further
suggest that humans may have developed complex
cognition that can aid in regulating emotional
responses while utilizing phylogenetically shared
mechanisms of extinction.
INTRODUCTION
The ability to eliminate, control, or diminish negative emotional
responses is important for adaptive function and critical in the
treatment of psychopathology. Recent research examining the
neural mechanisms for diminishing fears has focused on two
techniques: extinction, which has been explored across species
(for review see Phelps and LeDoux, 2005), and cognitive emotion
regulation strategies, which are unique to humans (for review see
Ochsner and Gross, 2005). In the present study, we examine
whether the neural systems involved in regulating conditioned
fear using a cognitive strategy take advantage of evolutionarily
shared mechanisms of fear extinction to diminish learned fears.
Previous research in rodents has highlighted a role for the
amygdala and ventral medial prefrontal cortex (vmPFC) in
extinction learning (Garcia et al., 1999; Morgan and LeDoux,1995; Quirk, 2002). More recently, these results have been cor-
roborated by neuroimaging research in humans (Knight et al.,
2004; Milad et al., 2005; Phelps et al., 2004). Using a paradigm
that mirrored designs used in rodents, Phelps et al. (2004) pre-
sented participants with repeated exposures to two predictive
stimuli that were either partially paired or not paired at all with
shock. Following an acquisition phase, the stimuli were once
again presented repeatedly, but this time with no shock. Behav-
ioral results showed that, during this extinction phase, new inhib-
itory learning occurred that diminished the expression of condi-
tioned fear. Further corroborating previous animal research,
decreased amygdala activation was observed during extinction
as compared to acquisition, while a relative increase in activation
was observed in vmPFC (see also Milad et al., 2007a). Using
a similar behavioral paradigm, Milad et al., (2005) showed that
the relative cortical thickness of this vmPFC region, as assessed
with anatomical MRI, predicted the rate of extinction, providing
additional evidence that the mechanisms of fear extinction are
similar across species.
In contrast to extinction, less is known about the neural corre-
lates underlying the use of complex cognitive strategies to regu-
late emotions such as fear. Given that the use of these strategies
may be unique to humans, the neural circuitry of emotion regula-
tion has been primarily investigated using functional magnetic
resonance imaging (fMRI). In such experiments, different forms
of cognitive control over emotional responses are examined in-
volving modulation of various cortical structures, such as dorso-
lateral prefrontal cortex (dlPFC). For instance, Ochsner et al.
(2002) had participants view emotionally negative pictures
(e.g., woman crying on steps of church) and either ‘‘attend’’
(focus on your natural feelings) or ‘‘reappraise’’ (reinterpret the
picture in a less negative context; e.g., the woman is crying at
a wedding) the stimulus. Behaviorally, the reappraisal technique
was successful in decreasing the negative affect as measured
through subjective ratings. An examination of changes in the
BOLD signal contrasting the reappraisal and attend conditions
revealed enhanced BOLD signal in the left dorsolateral prefrontal
cortex (dlPFC) and decreased BOLD signal in the amygdala.
Several other neuroimaging studies have reported similar modu-
lation of the amygdala response with emotion regulation, along
with involvement of regions of the dlPFC (e.g., Beauregard
et al., 2001; Kim and Hamann, 2007; Levesque et al., 2003;
Ochsner et al., 2004b; Phan et al., 2005), as well as anteriorNeuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc. 829
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Ochsner and Gross, 2005).
The dlPFC regions often observed in studies of emotion regu-
lation have also been implicated in other higher cognitive func-
tions, such as executive processing and working memory, or
the active maintenance of on-line information (Smith and
Jonides, 1999). The finding that the cognitive regulation of
responses to emotional scenes alters functional activity in the
dlPFC and amygdala suggests that these brain regions are func-
tionally interconnected. However, anatomical connectivity stud-
ies have failed to find direct connections between the amygdala
and the dlPFC (Barbas, 2000; McDonald et al., 1996; Stefanacci
and Amaral, 2002).
We propose that the dlPFC regions linked to the cognitive reg-
ulation of emotion may take advantage of the evolutionarily
shared mechanisms of extinction to diminish emotional re-
sponses. Although these dlPFC regions do not have direct pro-
jections to the amygdala, they do project to ventral and medial
PFC regions that are more directly connected with the amygdala
(Amaral, 2002; Groenewegen et al., 1997; McDonald et al.,
1996). It is possible, therefore, that cognitive emotion regulation
strategies, which recruit dlPFC regions, may diminish emotional
response through connections with vmPFC, which has been
shown to inhibit the amygdala in fear extinction (Milad and Quirk,
2002). In other words, humans may have developed complex
cognition that can aid in the regulation of emotional responses,
but these processes utilize phylogenetically older mechanisms
of extinction for diminishing fears that are no longer adaptive.
In order to examine whether the mechanisms of emotion
regulation overlap with the neural circuitry of extinction, we
used a paradigm designed to be as similar as possible to another
examining extinction of conditioned fear (e.g., the identity of the
conditioned and unconditioned stimuli, timing, probability of re-
inforcement, measure of conditioned response) and integrated
cognitive, emotion regulation instructions. Both paradigms
were run simultaneously on different participants to avoid prac-
tice effects. The extinction data set had been previously pub-
lished, and the details will not be presented again here (Phelps
et al., 2004). In the emotion regulation paradigm, participants
were presented with two conditioned stimuli (CS), one of which
was paired with an unconditioned stimulus (US) on a subset of
the trials. They were instructed that upon seeing a stimulus,
such as a blue square, for example, there was a chance they
would receive a shock (CS+), but if they saw a yellow square,
for example, they would not receive a shock (CS–). Participants
were also asked to pay attention to a cue that preceded the on-
set of each colored square, which indicated whether participants
should either attend to the predictive qualities of the CS
or attempt to regulate their emotional response (Figure 1A).
When cued to attend, participants were instructed to think of
their feelings and react normally (e.g., ‘‘I may get a shock’’ or ‘‘I
will not get a shock’’). When cued to regulate, participants
were instructed to think of something calming in nature that
was specific to the color of the square, regardless of whether it
predicted a possible shock or not. For instance, upon seeing
a blue square, participants might think of the ocean or the sky,
while upon seeing the yellow square they might think of sunshine
or a field of daffodils. Therefore, participants either attended to830 Neuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc.their feelings as in a typical fear conditioning paradigm or they at-
tempted to change their emotional reaction by intentionally alter-
ing what they were thinking using a specific cognitive strategy.
By using similar paradigms, with different means of controlling
fear, we can directly compare the differences and similarities in
the circuitry mediating extinction and emotion regulation.
RESULTS
Physiological Results
Consistent with previous studies of fear conditioning and extinc-
tion, the fear response was assessed using a physiological mea-
sure of arousal (LaBar et al., 1998; Milad et al., 2007b; Phelps
et al., 2004). Skin conductance responses (SCRs) were acquired
throughout the experiment for 12 participants (six male, six fe-
male; Figure 1B). A repeated-measures ANOVA was performed
using type of trial (Attend trials, Regulate trials) and type of stim-
ulus (CS+, CS–) as within-subject factors. A significant main
effect of type of trial [F(1, 11) = 18.96, p < 0.001] and a main effect
of stimulus [F(1, 11) = 41.55, p < 0.0001] were found. An interac-
tion between type of trial and stimulus was also observed
[F(1, 11) = 42.75, p < 0.0001]. The ANOVA results suggested
that Attend and Regulate trials modulated the response to the
CS in different ways. Responses were higher for CS+ compared
to CS– during Attend trials. This differential response was re-
duced, however, during Regulate trials. A two-tailed paired
t test compared the differential SCR to the Attend CS+ and CS–
trials (M = 0.74,SD= 0.28) with the differential SCR to the Regulate
CS+ and CS– trials (M = 0.32, SD = 0.33). This physiological mea-
sure of emotion regulation success indicated that using a cogni-
tive emotion regulation strategy was successful in decreasing
the conditioned response to the CS+ [t(11) = 6.54, p < 0.0001].
Neuroimaging Results
Emotion Regulation
The contrast of CS+ and CS– trials yielded regions previously as-
sociated with fear conditioning (Buchel and Dolan, 2000; Buchel
et al., 1998; Delgado et al., 2006; LaBar et al., 1998; Phelps et al.,
2004; Phelps and LeDoux, 2005) during both Attend and Regu-
late conditions (Table 1). To investigate the effects of emotion
regulation on conditioned fear using a contrast analogous to
other studies of emotion regulation (for review see Ochsner
and Gross, 2005), we conducted a comparison between Attend
and Regulate CS+ trials (Table 2). Within the subset of regions
defined by this contrast, activation was observed in the three
a priori regions of interest (ROIs)—the left dlPFC (middle frontal
gyrus), the vmPFC (subgenual anterior cingulate), and the amyg-
dala. To further investigate the response in these regions, a
3 mm3 cube (i.e., ROI specific analysis) was drawn around
the peak voxel of each target structure and was applied to
each individual participant to acquire mean beta weights for
four possible predictors (Attend CS+ and CS–, Regulate CS+
and CS–).
Consistent with previous emotion regulation studies, opposite
patterns of activation were observed in PFC ROIs and the amyg-
dala (Ochsner et al., 2002; Schaefer et al., 2002). Activation in the
left middle frontal gyrus (BA 9/46: x, y, z = 43, 28, 30) was
characterized by an increase in BOLD response to Regulate
Neuron
Emotion Regulation of Conditioned FearCS+ trials compared with Attend CS+ trials (Figure 2A). As dic-
tated by the contrast used to define this ROI, a two-tailed
paired-samples t test confirmed that the mean beta weights for
Regulate CS+ trials were significantly higher than those for At-
tend CS+ trials [t(11) = 2.83, p < 0.02]. No difference was
observed when contrasting the two CS– predictors [t(11) = 1.53,
p = n.s.]. Notably, a significant correlation between the differen-
tial response of Attend and Regulate CS+ trials and the phy-
siological correlate of emotion regulation success was also
observed (r = 0.74, p < 0.006; Figure 2B), consistent with
previous studies of emotion regulation (Ochsner et al., 2002).
Participants with more activation in this left dlPFC region during
Regulate CS+ trials (compared to Attend trials) were also more
successful in decreasing their conditioned response, as mea-
sured by SCR.
Activation of the subgenual anterior cingulate (BA 32: x, y,
z = 3, 36, 8) in the vmPFC was also observed. This region
was similar to the vmPFC region previously implicated in studies
of fear extinction in humans (BA 32: 0, 35, 8 taken from Phelps
et al., 2004; BA 32: 4, 30, 12 taken from Milad et al., 2005),
with a pattern of BOLD responses also mirroring that observed
during the extinction of conditioned fear (Phelps et al., 2004).
There was an overall decrease in activation relative to a resting
baseline in response to a CS+ that predicts shock (Figure 3).
Figure 1. Description of Experimental Con-
ditions and Behavioral Data
(A) Participants were exposed to two different
types of trial (Attend, Regulate) that varied with
respect to cognitive instruction and two types of
stimuli (conditioned stimulus or CS+ and CS–)
that were either paired or not paired with a poten-
tial aversive consequence (i.e., the unconditioned
stimulus, shock).
(B) Physiological responses, measured by skin
conductance, to different trial types. Error bars
reflect standard error (±SEM).
However, when the fear response was di-
minished, there was relative increase in
BOLD signal as revealed through the
comparison of the mean beta weights
for Attend CS+ with Regulate CS+ trials
[t(11) = 4.07, p < 0.002]. No significant
difference between Attend and Regulate
CS– trials were observed [t(11) = –0.29,
p = n.s.].
The opposite pattern was observed in
the left amygdala ROI (x, y, z = 20, 0,
20) where emotion regulation led to a de-
crease in activation (Figure 4), consistent
with studies of emotion regulation (Ochs-
ner and Gross, 2005) and extinction
(Phelps et al., 2004). A comparison of
mean beta weights in individual partici-
pants, as expected, showed a higher
overall mean for Attend CS+ as com-
pared to Regulate CS+ trials [t(11) =
4.15, p < 0.002]. No differences were observed when comparing
the two CS– predictors [t(11) = 1.20, p = n.s.].
Overlap with the Mechanisms of Extinction
The use of an emotion regulation strategy led to a decrease in
conditioned fear, along with opposite patterns of activation in
the prefrontal cortex and the amygdala. As mentioned above,
the pattern of BOLD response observed in the current emotion
regulation study is strikingly similar to data on extinction of
conditioned fear (Phelps et al., 2004) in both the amygdala
and vmPFC, suggesting similar neural mechanisms may be
recruited.
To further investigate the overlap in the neurocircuitry of emo-
tion regulation and extinction of conditioned fear, additional
analyses were conducted. Using the vmPFC and amygdala
ROIs identified in the extinction data set (Phelps et al., 2004),
we explored the similarity and differences in the pattern of
BOLD response when conditioned fear was diminished through
emotion regulation. An examination of the subgenual anterior
cingulate ROI identified in extinction (BA 32: x, y, z = 0, 35, 8),
revealed a similar pattern of results when extracting mean
beta weights from the data of participants in the emotion regula-
tion paradigm. Specifically, differences were observed between
Attend and Regulate CS+ trials [t(11) = 2.40, p < 0.04], but notNeuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc. 831
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As can be seen in Figure 5, the presentation of a CS+ that pre-
dicted possible shock led to a decrease in BOLD signal in this
vmPFC region (relative to rest) in both extinction and emotion
regulation. However, as the conditioned fear response was di-
minished through either extinction training or a cognitive regula-
tion strategy, responses in this region increased, and the ob-
served decrease in the BOLD response to the CS+ was
attenuated.
Although the left amygdala showed the greatest changes with
emotion regulation as previously mentioned, investigating the
right amygdala ROI (x, y, z = 15,3,13) identified in the extinc-
tion data set revealed similar differences between the Attend
CS+ trials and Regulate CS+ trials [t(11) = 2.54, p < 0.03], but
not between Attend and Regulate CS– trials [t(11) = 0.82, p =
n.s.]. These results support a potential overlap and similarities
between the neural circuitry of diminishing fears through either
passive extinction or cognitive emotion regulation strategies.
Figure 2. BOLD Signals in dlPFC during
Regulation
(A) BOLD responses in dlPFC (in blue) are higher
during Regulate compared to Attend CS+ trials.
(B) Correlation between physiological measure of
regulation success and BOLD levels in dlPFC
reflecting differential response of Attend and
Regulate CS+ trials.
Figure 3. Activation of the Subgenual Ante-
rior Cingulate (BA 32) and Mean Beta
Weights
The pattern of BOLD response in this vmPFC ROI
resembles observations of similar regions of inter-
est in previous extinction studies (Milad et al.,
2005; Phelps et al., 2004). Error bars reflect stan-
dard error (±SEM).
Perhaps not surprisingly, the dlPFC re-
gion observed in the emotion regulation
data set did not show any significant dif-
ferential BOLD responses during extinc-
tion (Phelps et al., 2004). It is proposed
that this region may be specifically linked
to the online manipulation and mainte-
nance of the cognitive regulation strat-
egy, which was not a component of the
passive extinction paradigm. Interest-
ingly, the left amygdala ROI defined in
the emotion regulation data set also did
not show any significant BOLD re-
sponses during extinction, while the right
amygdala response was similar across
both data sets.
To further support the assertion that the vmPFC may be medi-
ating the impact of the cognitive strategy on the amygdala re-
sponse, we conducted an exploratory connectivity analysis. If
the vmPFC is mediating the influence of the dlPFC on the amyg-
dala, we would expect that the pattern of activation in this
vmPFC ROI during the regulation of conditioned fear should cor-
relate with both the amygdala and dlPFC. Using the vmPFC (sub-
genual anterior cingulate) ROI identified in the emotion regulation
data set, a time course of activation was extracted for the entire
experiment and used as a covariate in the data. The time course
for the ROI was extracted for each run for each subject, then z
transformed and used as a single predictor in a general linear
model. Resulting activation maps thresholded at p < 0.00001
displayed areas where the activation pattern was correlated
with this seed ROI. As expected, both the left amygdala (see Fig-
ure 6: x, y, z = 20, 8, 16) and dlPFC (middle frontal gyrus, x,
y, z = 50, 23, 19; see Figure 6) emerged as correlated with the
vmPFC ROI in this connectivity analysis. The results of this832 Neuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc.
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pretation that the vmPFC, and the mechanisms of fear extinc-
tion, may be mediating the impact that cognitive emotion regula-
tion strategies and the dlPFC have on the amygdala and the
expression of conditioned fear.
DISCUSSION
The present study explored the overlap in the neural circuitry of
diminishing learned fears through emotion regulation and extinc-
tion. In order to examine the similarities and differences of dimin-
ishing fear through these two techniques, we chose a paradigm
where the procedure (fear conditioning) and dependent measure
(physiological arousal) were identical to an extinction protocol
(Phelps et al., 2004) and typical in studies of extinction (Knight
et al., 2004; Milad et al., 2005, 2007a), while integrating a cogni-
tive emotion regulation strategy. Our results support a model in
which the lateral PFC regions engaged by the online manipula-
tion of information characteristic of cognitive emotion regulation
strategies (for review see Ochsner and Gross, 2005) influences
amygdala function through connections to vmPFC regions that
are also thought to inhibit the amygdala during extinction (Milad
and Quirk, 2002). These results are consistent with the sugges-
tion that vmPFC may play a general regulatory role in diminishing
fear across a range of paradigms (e.g., Kim et al., 2003; Urry
et al., 2006).
Previous studies of emotion regulation have generally invoked
emotional reactions by using more diverse and complex stimuli,
primarily graphic scenes, and have assessed reactions and the
success of the regulation strategy most frequently by subjective
report. In addition, many studies of emotion regulation have used
distinct visual images and asked participants to apply a ‘‘reap-
praisal’’ strategy: reinterpret the context of the current image
along with the actions of the actors in it. In contrast, the present
study used repeated stimuli (the CSs), a physiological measure
of emotion and regulation success, and a practiced imagery-
based emotion regulation task. A particular advantage of the im-
agery strategy is its similarities with traditional cognitive behav-
ioral therapies (CBT) as compared to reappraisal. In some forms
of CBT, patients are taught, and practice, specific strategies, in-
cluding imagery, to deal with specific situations, much like the
current paradigm that enforces a specific strategy to use in
response to a specific cue (Beck et al., 2005). A potential
Figure 4. MeanBetaWeightsReflecting BOLDResponses in the Left
Amygdala for the Main Conditions
Error bars reflect standard error (±SEM).
Figure 5. Similarities between BOLD Responses in the vmPFC in
Two Separate Fear Conditioning Experiments
The left panel displays mean beta weights in the vmPFC for CS+ trials during
both early (red) and late (yellow) extinction of conditioned fear (data from Milad
et al., 2005; Phelps et al., 2004). The right panel displays mean beta weights in
the vmPFC ROI from the current experiment for both Attend (purple) and
Regulate (light blue) CS+ trials. Error bars reflect standard error (±SEM).
Figure 6. Connectivity Analysis Using vmPFC Seed
ROI Time Course as Predictor
Regions in the dlPFC (green circle) and amygdala (yellow
circle) are found to correlate with the seed ROI.Neuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc. 833
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Emotion Regulation of Conditioned FearTable 1. Regions Activated by a Contrast of All CS+ versus All CS– Trials (Irrespective of Condition) and Vice Versa (p < 0.005)
Brain Region Brodman’s Area (BA) Talairach Coordinates (x, y, z) Number of Voxels
CS+ versus CS– Trials
Right medial frontal gyrus BA 8 5, 29, 37 5764
Right cingulate gyrus BA 24/32 1, 3, 37 2112
Right inferior parietal cortex BA 40 50, 45, 36 245
Left posterior cingulate gyrus BA 23/31 1, 22, 33 391
Right precuneus BA 7 15, 59, 33 224
Left inferior parietal cortex BA 40 64, 29, 28 113
Right caudate nucleus 12, 4, 13 3199
Left caudate nucleus BA 40 9, 13, 5 1887
Right superior temporal sulcus BA 42 30, 24, 12 132
Right posterior cingulate gyrus BA 23/31 8, 39, 12 164
Right medial frontal gyrus BA 10 34, 58, 11 106
Left putamen 17, 4, 3 365
Left insula 32, 20, 2 2976
Right medial frontal gyrus BA 10/32 31, 56, 2 184
Left thalamus 5, 12, 2 2856
Right thalamus 8, 14, 0 3747
Right middle temporal gyrus BA 40 60, 30, 3 439
Right midbrain 4, 23, 14 1405
CS– versus CS+ Trials
Left parietal cortex BA 40/7 39, 35, 55 312
Left precuneus BA 7 25, 69, 40 182
Left cuneus BA 31/18 3, 58, 23 446
Right parahippocampus gyrus BA 35 22, 33, 8 112
Left parahippocampus gyrus BA 35 25, 26, 13 356
Right cerebellum 25, 29, 17 139disadvantage of this strategy is that even though participants are
instructed to specifically think of something soothing, it is diffi-
cult to determine whether any regulation effect is due to the ef-
fortful regulation of emotion, or simple distraction, which can
also effectively alter emotional responses (Ochsner and Gross,
2005). Nevertheless, even with these fundamental differences,
our physiological and brain imaging results are quite consistent
with previous studies of emotion regulation. Our subjects were
able to use a simple imagery strategy to diminish their physiolog-
ical response to a conditioned fear stimulus. Similar to other fMRI
studies of emotion regulation, the use of this strategy resulted in
decreased activation of the amygdala and increased activation
of the left dlPFC, the magnitude of which was correlated with
regulation success.
Most previous research on emotion regulation has empha-
sized the importance of the lateral PFC, although there is consid-
erable variability in the precise region within the lateral PFC en-
gaged across studies and emotion regulation paradigms (for
review see Ochsner and Gross, 2005). Although less frequently
emphasized, several of these studies also report activation in re-
gions of the vmPFC (i.e., the subgenual ACC or immediately ad-
jacent vmPFC region) similar to that observed in the present
study (e.g., Harenski and Hamann, 2006; Kalisch et al., 2005b;
Kim and Hamann, 2007; Ochsner et al., 2004a; Urry et al.,
2006), supporting a general role for this region in mediating inhi-834 Neuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc.bition of the amygdala response. Other studies of emotion regu-
lation have reported involvement of other medial PFC regions, in-
cluding the orbitofrontal cortex, more dorsal regions of the
mPFC, and anterior cingulate (Beauregard et al., 2001; Eippert
et al., 2007; Kalisch et al., 2005a; Levesque et al., 2003; Ochsner
et al., 2002; Phan et al., 2005), while suggesting a similar role.
The reasons for the differences between studies in the precise
regions of the mPFC observed may be due to a number of fac-
tors, including differences in stimuli, emotional state, or regula-
tion strategy employed (e.g., Ochsner et al., 2004b). Since
a null differential BOLD response does not rule out involvement
of a specific brain region in a task, it is also possible that a similar
vmPFC region is mediating the influence of the lateral PFC on the
amygdala across different types of emotional stimuli, assess-
ments of emotion, and regulation strategies. Future studies
with additional techniques will be needed to determine the func-
tional role of different mPFC regions in the cognitive control of
emotion. The present results demonstrate that when using a par-
adigm and dependent measure typically used in studies of ex-
tinction of conditioned fear, the use of a cognitive regulation
strategy results in involvement of an overlapping region of the
vmPFC across tasks.
In addition to the amygdala, other regions that showed de-
creased responses in the emotion regulation condition included
posterior insular cortex, cingulate regions, and dorsal medial
Neuron
Emotion Regulation of Conditioned FearTable 2. Regions Activated by a Contrast of Attend CS+ versus Regulate CS+ and Vice Versa (p < 0.005)
Brain Region Brodman’s Area (BA) Talairach Coordinates (x, y, z) Number of Voxels
Attend versus Regulate CS+ Trials
Right medial frontal gyrus BA 6 20, 1, 51 61
Right superior frontal gyrus BA 8 5, 40, 51 368
Right inferior parietal cortex BA 7/40 35, 47, 46 440
Right precuneus BA 7 11, 71, 45 293
Left inferior parietal cortex BA 7/40 31, 41, 42 216
Right cingulate gyrus BA 24 2, 3, 35 5677
Left cerebellum 26, 68, 30 772
Left cingulate gyrus BA 32 2, 22, 27 837
Right superior frontal gyrus BA 10 23, 59, 24 49
Right parietal cortex BA 40 53, 28, 21 8522
Left parietal cortex BA 40 58, 26, 21 6503
Right caudate 11, 8, 19 3153
Left thalamus 1, 9, 16 821
Left caudate 9, 5, 15 3395
Right medial frontal gyrus BA 10/46 29, 46, 15 220
Right thalamus 10, 5, 12 831
Left putamen 26, 5, 6 517
Right putamen 29, 5, 6 1578
Right insula 32, 13, 5 595
Left lingual gyrus BA 18 25, 59, 3 29
Right cuneus BA 17 7, 89, 2 130
Left insula 35, 20, 0 994
Left amygdala 20, 0, 20 17
Regulate versus Attend CS+ Trials
Left dlPFC (middle frontal gyrus) BA 9/46 43, 28, 30 167
vmPFC BA 32 0, 35, 8 92
Left parahippocampus gyrus BA 35 30, 35, 9 22
Right parahippocampus gyrus BA 35 29, 32, 12 27
Subgenual cingulate cortex BA 25 0, 14, 11 17PFC. These regions have previously been involved in anticipation
of aversive, at times painful stimuli (Jensen et al., 2003; Mohr
et al., 2005) as well as other regulation studies that involve atten-
tional resources (Ochsner and Gross, 2005). Commonly reported
in studies of fear conditioning (LaBar et al., 1998; Phelps et al.,
2004), it is unclear how such regions interact with other prefrontal
regions that are involved in regulatory control. A recent study,
however, suggested a critical role for ventral lateral PFC regions
in the regulation of pain while influencing regions such as poste-
rior insula and anterior cingulate (Salomons et al., 2007).
Besides the involvement of left dlPFC during emotion regula-
tion, another difference in the pattern of activation observed
between emotion regulation and extinction (Phelps et al., 2004)
was the laterality of the most robust amygdala activation. During
extinction, the right amygdala showed the greatest differential
BOLD response between the acquisition and extinction stages,
whereas in emotion regulation the left amygdala showed the
greatest differential BOLD response between attend and regu-
late conditions. Although an exploratory analysis revealed a
similar pattern of activation in the right amygdala with emotionregulation, this difference in the laterality of peak differential
amygdala response may reflect the different paradigms. A simi-
lar pattern has been observed in studies of the acquisition of fear.
Although activation of the right and left amygdala has been
reported in studies of fear conditioning and damage to either
disrupts fear conditioning (LaBar et al., 1995), it is more often
the right amygdala that correlates with expression of learning
(LaBar et al., 1998; Phelps et al., 2004) or shows the peak re-
sponse (Buchel et al., 1998), especially when the stimuli are pro-
cessed automatically (Morris et al., 1999). In contrast, previous
studies of instructed fear, in which the potentially threatening
quality of a stimulus is symbolically conveyed, found only
the left amygdala was involved in the expression of the learning
(Funayama et al., 2001; Phelps et al., 2001). The reason for the left
hemisphere bias is not clear, but it may be due to the cognitive,
linguistic nature of the task instructions, or the left hemisphere
involvement in tasks that require the on-line cognitive interpreta-
tion of stimuli (Gazzaniga, 2000). It should be noted, however, that
other studies of emotion regulation have reported involvement of
both the right and left dlPFC, although activation of left dlPFC andNeuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc. 835
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Kim and Hamann, 2007; for review see Ochsner and Gross, 2005).
It is possible that the left hemisphere bias in the present study may
reflect the specific technique for diminishing fear, but strong
claims of laterality should be interpreted with caution with fMRI
due to the possibility of subthreshold differential BOLD responses
in regions that may play an important role in the task.
The present results suggest that, even though humans may
have developed unique capabilities for using complex cognitive
strategies to control emotion, these strategies may influence
the amygdala through phylogenetically shared mechanisms of
extinction. A similar pattern has been observed in studies of
fear acquisition in which cognitive and social means of fear
learning depend on the amygdala for expression (Olsson and
Phelps, 2007). By identifying an overlap in the neural circuitry
across these different techniques for diminishing fear, it is
possible to gain insight from detailed animal models of fear ex-
tinction to help understand a subset of the processes that may
underlie emotion regulation. There is growing interest in taking
advantage of animal models of extinction to explore novel
pharmacological and therapeutic treatments for anxiety disor-
ders (e.g., Davis et al., 2006; LeDoux and Gorman, 2001; Rauch
et al., 2006). How these potential treatments might interact with
more standard therapeutic tools, such as cognitive-behavioral
training for diminishing fears, is largely unknown. The present
result suggests that these techniques may be, in part, comple-
mentary in that they rely on an overlapping neural circuitry and,
perhaps, similar neurophysiological and neurochemical mecha-
nisms.
EXPERIMENTAL PROCEDURES
Participants
Eighteen right-handed volunteers participated in this study (nine male, nine fe-
male). Three participants were removed due to failure to acquire conditioned
fear during Attend trials, as assessed with SCR, since they provided no phys-
iological evidence of conditioning or regulation, thus making it difficult to inter-
pret their neuroimaging data. Three others were removed due to failure to
comply with task requirements (assessed by postexperimental questions
and self-reports), which included misattribution of Attend and Regulate in-
structions and switching instructions midway through the experiment. Final
analysis was therefore conducted on 12 participants (six male, six female).
Participants responded to posted advertisement (average age: M = 23.29,
SD = 3.31), and all participants gave informed consent.
Procedure
A partial reinforcement, fear conditioning paradigm with instruction was used.
The paradigm involved a series of 66 interleaved trials, divided into three runs
of 22 trials each. Each trial began with the presentation of a word cue, pre-
sented for 2 s, which instructed the participant on the type of trial. It was fol-
lowed by either a blue or yellow square that served as a conditioned stimulus
(CS) and was presented for 4 s. A mild shock to the wrist served as the uncon-
ditioned stimulus (US) and was administered during the last 200 ms for six of
the CS trials. During one experimental session, a specific colored square (e.g.,
blue) was paired with the US, thus serving as the CS+, while the other square
(e.g., yellow) served as the CS–. This contingency was counterbalanced
across participants. The trial concluded with a 12 s intertrial interval.
Prior to scanning, participants were trained on the emotion regulation tech-
nique. They were told that in the scanner they would see a series of blue and
yellow squares, one of which would be paired with a mild shock to the wrist for
a subset of trials. Prior to the presentation of each colored square, they were
told they would be presented with an instruction cue. Participants viewed two836 Neuron 59, 829–838, September 11, 2008 ª2008 Elsevier Inc.types of cues during the experiment: ‘‘ATTEND’’ or ‘‘REAPPRAISE.’’ When in-
structed to ‘‘attend,’’ participants were asked to view the stimulus and attend
to their natural feelings regarding which CS was presented. In these Attend tri-
als, for example, participants might focus on the fact that they may receive
a shock (if the cue was followed by a CS+) or would never receive a shock
(if the cue was followed by a CS–). When instructed to ‘‘reappraise,’’ partici-
pants were asked to view the CS and try to imagine something in nature that
was calming, prompted by the color of the CS. During these Regulation trials,
for example, participants could think of an image of the ocean or a blue sky
when viewing the blue square, or they could think of the sunshine or a field
of daffodils when viewing the yellow square. Participants were trained on re-
peated trials of both instructions and all four types of trials (‘‘attend’’ CS+
and CS–, and ‘‘reappraise’’ CS+ and CS–). They were asked to keep the
same mental picture they selected during training throughout the experiment.
After training, the subjects were placed in the scanner and were reminded of
the instructions and imagery task prior to the first functional run. After the
experiment, participants filled out questionnaires regarding their subjective
judgment of success at engaging in the regulation task and following the
instructions.
The experiment included four types of trials (Attend and Regulate CS+ and
CS–), each of which was presented 15 times throughout the experimental ses-
sion. Six additional CS+ trials were paired with a US and were discarded from
further physiological or neuroimaging analysis. Of these six extra CS+ trials,
three were Attend CS+ trials paired with shock and three were Regulate
CS+ trials paired with shock, with one presentation of each per fMRI run.
Physiological Set-Up and Assessment
A Grass Instruments stimulator was used to administer mild shocks to partic-
ipants. The stimulator was shielded from magnetic interference and grounded
through an RF filter. A bar electrode attached to the right wrist delivered the
shocks. Prior to scanning, participants received a mild shock (200 ms duration,
50 pulses/s), which was gradually increased according to the participant’s self
report of intensity and pain. They were instructed to determine a level where
the shock felt ‘‘uncomfortable, but not painful’’ (maximum = 50 V). Skin con-
ductance responses (SCR) were acquired from the participant’s middle pha-
langes of the second and third fingers in the left hand using BIOPAC systems
skin conductance module and shielded Ag-AgCl electrodes grounded through
an RF filter panel. AcqKnowledge software was used to analyze SCR wave-
forms. Trials where a shock was administered (six total) were not included in
the analysis. The level of SCR response was assessed as the base to peak dif-
ference in the 0.5 to 4.5 s window following the onset of a CS, the blue or yellow
square (see LaBar et al., 1995). SCRs for each participant were converted to
standardized T scores and averaged per participant, per condition (Funayama
et al., 2001). A repeated-measures ANOVA was conducted with type of trial
(Attend, Regulate) and type of stimulus (CS+, CS–) as within-subjects factor
to investigate the effects of emotion regulation during conditioned fear. A
physiological measure of emotion regulation success was calculated by sub-
tracting the mean SCR for Regulate CS+ trials from Attend CS+ trials for each
individual participant.
fMRI Acquisition and Analysis
A 3T Siemens Allegra head-only scanner and a Siemens standard head coil
were used for data acquisition at NYU’s Center for Brain Imaging. Anatomical
images were acquired using a T1-weighted protocol (256 3 256 matrix, 176 1
mm sagittal slices). Functional images were acquired using a single-shot gra-
dient echo EPI sequence (TR = 2000 ms, TE = 20 ms, FOV = 192 cm, flip angle
= 75, bandwith = 4340 Hz/px, echo spacing = 0.29 ms). Thirty-five contiguous
oblique-axial slices (3 3 3 3 3 mm voxels) parallel to the AC-PC line were ob-
tained. Analysis of imaging data was conducted using Brain Voyageur soft-
ware (Brain Innovation, Maastricht, The Netherlands). The data were initially
corrected for motion (using a threshold of 2 mm or less), and slice scan time
using sinc interpolation was applied. Further, spatial smoothing was per-
formed using a three-dimensional Gaussian filter (4 mm FWHM), along with
voxel-wise linear detrending and high-pass filtering of frequencies (three cy-
cles per time course). Structural and functional data of each participant were
then transformed to standard Talairach stereotaxic space (Talairach and Tour-
noux, 1988).
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eral linear model (GLM), which estimated beta weights for each of four different
CS presentations (Attend CS+, Attend CS–, Regulate CS+, Regulate CS–).
Statistical maps of interest were created using a threshold of p < 0.005. The
primary contrast of interest was the differential response between Attend
CS+ and Regulate CS+, which directly investigated the effect of using emotion
regulation to diminish conditioned fear.
To further investigate the effects of cognitive regulation strategy on condi-
tioned fear, we examined BOLD responses in three a priori regions of interest
based on previous studies of emotion regulation (Ochsner et al., 2002) and ex-
tinction (Phelps et al., 2004). The three ROIs were the dlPFC (previously impli-
cated in emotion regulation), vmPFC (previously implicated in extinction), and
amygdala (linked to both emotion regulation and extinction). For these ROIs,
the peak differential BOLD response was identified in the group analysis (At-
tend versus Regulate CS+), and a cube was drawn around it (3 mm3). For
the a priori ROIs, a multistudy GLM was performed on each individual partic-
ipant, allowing for acquisition of mean beta weights in each participant for each
ROI. Correlational analyses between functional and SCR data were performed
using the averaged beta weights and physiological measure of emotion regu-
lation success.
Additional Analyses
The emotion regulation of fear data set was also compared to a previously pub-
lished fear extinction data set (Phelpset al., 2004). Both data sets were collected
at the same time with the intent of comparison across paradigms. While
a within-subject comparison might have been more useful, several limitations
of such a design led to two separate experiments being carried out. Such limi-
tations include potential carry over effects from subsequent fear conditioning
sessions in an experiment where participant naivety is important and potential
strategy contaminations (e.g., participants who undergo emotion regulation
first may apply those strategies during extinction). Thus, we restricted the ex-
amination of the overlap in the neurocircuitry of emotion regulation and extinc-
tion of conditioned fear to two exploratory analyses done between experiments.
First, using the vmPFC and amygdala ROIs identified in the previous data set
investigating extinction (Phelps et al., 2004), we explored the similarity and dif-
ferences in the pattern of BOLD response when conditioned fear was dimin-
ished through emotion regulation. Specifically, we applied the ROIs from the
extinction study in the emotion regulation data set and extracted mean beta
weights from the set of ROIs of the previous study. A similar analysis was
used to investigate the role of the dlPFC ROI identified in the emotion regula-
tion study on the extinction data set.
Second, an exploratory connectivity analyses was performed. The goal of
this analysis was to provide additional evidence regarding a potential role of
the vmPFC in mediating top-down influence from dlPFC to the amygdala,
with the expectation that patterns of activation in both regions correlate with
observed time courses in the vmPFC ROI during the regulation of conditioned
fear. The analysis was performed by extracting the time course of activation
across the entire experiment from the vmPFC (subgenual anterior cingulate)
ROI, defined from the emotion regulation study and used as a covariate in
the data. Specifically, the time course for the ROI was extracted for each run
for each subject, then z transformed and used as a single predictor in a general
linear model. The resulting activation map, thresholded at p < 0.00001, dis-
played brain regions whose activation patterns correlated with patterns from
the seed ROI (vmPFC).
SUPPLEMENTAL DATA
The Supplemental Data include Supplemental Results and a table and can be
found with this article online at http://www.neuron.org/cgi/content/full/59/5/
829/DC1/.
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